This paper analyzes municipal expenditures in the light of horizontal fiscal interactions. I investigate total expenditures and a set of non-earmarked expenditure subcategories in the largest German federal state, North Rhine-Westphalia (NRW). The empirical analysis is based on a Spatial Durbin Model in a panel for the years 2009-2015. Using a two-regime spatial matrix, I also examine the impact of agglomeration on the intensity of public expenditure interactions, thus testing the hypothesis that an agglomerated region can decrease the amount of public goods without losing mobile factors to the periphery.
INTRODUCTION
In the last two decades, increasing research attention has been dedicated to the empirical analysis of inter-governmental fiscal interactions, notably horizontal externalities (Case 1993; Foucault et al. 2008; Borck et al. 2015; Costa et al. 2015; Fossen et al. 2017, etc.) . Interactions are a feature of multi-tiered governments where each jurisdiction sets its own tax or spending level and thereby influences the other jurisdictions in their level of spending or taxation. It is particularly interesting for the light it sheds on the implications of public and decentralization policies at the local level. Fiscal interactions occur for three major reasons that have been widely discussed in the literature. The first is public expenditure spillovers, the second centers around fiscal competition, and the last factor is yardstick competition (Revelli 2005) .
A large body of literature focuses on tax interactions in particular, and most of it finds evidence for positive effects. Tax burdens in one jurisdiction are interdependent with those in neighboring jurisdictions. One of the first studies on tax mimicking in US counties identifies a positive interaction effect (Ladd 1992) . Other studies on the US also point to positive coefficients (Case 1993; Besley and Case 1995; Frederiksson et al. 2004; Crowley and Sobel 2011) . They investigate different tax variables such as sales tax, income or property tax, and total tax revenues. Similar papers focusing on the Eurozone are Büttner (1999 Büttner ( , 2001 , discussing all German counties as well as the municipalities of BadenWuerttemberg, Sollé-Ollé (2003) , investigating selected Spanish municipalities, Bordignon et al. (2003) on Italian municipalities, Feld et al. (2003) on French regions, and Feld and Reulier (2009) on Swiss cantons. All these studies find positive tax externalities in neighboring jurisdictions.
Spatial interactions in the level and structure of expenditures have been given less attention in the literature than tax interactions. However, in the last two decades they have become noticeably more important because local governments very often do not have large tax competencies, and hence spending decisions gain much more weight. Where interactions do exist, they are relevant for investment decisions by municipalities and may influence the design of public policies. Recent studies on spending interactions, such as Case et al. (1993) , Redoano (2007) , Št'astná (2009) , Frère et al. (2014) , Costa et al. (2015) , Qu et al. (2016) and Fossen et al. (2017) come up with ambiguous findings. Comparability between these papers is limited. Only a few of them set their sights on municipal expenditure interactions between total expenses and non-earmarked subcategories at a local level, examples being Case et al. (1993) , Št'astná (2009) , Costa et al. (2015) , or Fossen et al. (2017) . As interactions are expected to be stronger at municipal-government level than at higher levels, this lack of research results is remarkable.
Accordingly, an initial aim of the present paper is to investigate empirically whether expenditure interactions exist at the municipal level in NRW, in particular in non-earmarked subcategories.
From a theoretical point of view, local governments spend most of their money on guaranteeing the provision of public goods and services. These are not limited to the residents of the jurisdiction that supplies them, a fact referred to in the theory of pure public goods (Samuelson 1954) as "nonexcludability." As predicted by the Tiebout model of local public goods, governments provide public goods financed by local revenues. Residents are mobile, and in order to maximize utility, they will gravitate to those jurisdictions that enable them to profit from an optimal amount of public goods in conjunction with favorable tax rates (voting by feet) (Tiebout 1956 ). Jurisdictions will therefore be competing for mobile factors. Such theories suggest that local governments compare themselves with neighboring municipalities so as to stay competitive, under the proviso that they cannot limit domestic public goods and services to their own residents.
In the New Economic Geography (NEG) framework, hump-shaped agglomeration rents (Wang and Zeng 2013) may cause the results for the provision of public goods to differ from those found in classical competition models. NEG researchers Andersson and Forslid (2003) and Baldwin and Krugman (2004) state that such agglomeration rents do exist. They could be important for asymmetrical regions because an agglomerated region may conceivably decrease the amount of public goods without losing mobile factors to the periphery. The reason is that companies and employees gain extra profits from agglomeration economies. Other theoretical studies operating on this premise are Ludema and Wooton (2000) , Baldwin et al. (2003, chs. 15 and 16) , etc.
However, no study so far has considered local expenditures in the context of agglomeration economies.
I claim that the combination of expenditure interactions at local levels and agglomeration rents may be of relevance and should therefore be examined. A negative relationship between the provision of public goods and the indicators of agglomeration should be observed in case agglomeration rents exist. In this paper, I study the impact of agglomeration on the reaction function, i.e. the parameter that indicates whether the expenditure levels determined by a government have any effect on neighboring expenditures. In jurisdictions with agglomeration rents, the slope of the reaction function should flatten.
To date, there are few studies that have looked into the impact of agglomeration forces in this context, and those that do so concentrate on tax interactions only (Charlot and Paty 2010; Fréret and Maguain 2017) . This paper thus investigates empirically whether high-or low-regime agglomeration municipalities are less or more responsive to horizontal expenditure interaction. The best measure of agglomeration economies is not obvious. I use population density, as it is both readily available and informative (other agglomeration indices are also applied) (Ciccone and Hall 1996; Hill 2008; Charlot and Paty 2010; Briant et al. 2010) .
One of the possible mechanisms underlying interactions is yardstick competition. Should yardstick competition be responsible for interactions, the reaction function would decline as the municipal electoral margin increases -another hypothesis that is tested in this paper. As pointed out both by Costa et al. (2011) and Costa and Carvalho (2013) , agglomeration economies can reduce the pressure from yardstick competition. Expenditure interaction in these municipalities is expected to be lower.
The ambiguous results produced by the literature discussed above and the existing research gap are reason enough to empirically analyze municipal expenditures in the light of spatial interactions. As a phenomenon, expenditure mimicking has important policy implications for the design of fine-tuned public policies and the identification of geographical disparities. The objective of this paper is threefold.
First, I investigate spatial interdependencies between the expenditures of German municipalities in
North Rhine-Westphalia (NRW) and their interaction behavior. To the best of my knowledge, this has not been done before. One contribution this paper makes is to focus not only on total expenditures but also on a complete set of non-earmarked expenditure subcategories. As suggested by theory and the literature, the reaction functions can vary for different expenditure subcategories. It is entirely possible that the expenditure subcategories will reveal that complementarity and substitutability neutralize each other or lower the total interaction effect (Costa et al. 2015) . At the municipal level, knowledge on fiscal interactions in different expenditure subcategories is limited.
The second main contribution of the article is the exploration of yardstick competition as a possible explanation for expenditure interactions. Thirdly, there is no study so far that analyzes the effects of agglomeration on the intensity of public expenditure interactions. In contrast to previous studies on agglomeration and fiscal interaction, I shall not examine the effect of agglomeration on equilibrium tax rates but on expenditures across local jurisdictions. Studying the German case is also particularly interesting because German municipalities have a high degree of autonomy in planning their expenditure. The municipalities of NRW act within the same constitutional framework, thus simplifying the identification of fiscal interactions.
In my empirical analysis, spatial regression models are used to study fiscal interactions. This puts it in line with studies referred to earlier that either use an instrumental variables (IV) or the maximum likelihood (ML) model. In the main specification, I use a Spatial Durbin Model (SDM) in a panel framework. Due to the panel structure, and in contrast to the cross-sectional studies by Št'astná (2009) and Borck at al. (2007) , I also control for spatial and time-fixed effects as ignoring them would lead to biases. The panel data set spans seven years from 2009 to 2015 in the municipalities of North RhineWestphalia (NRW). I test a large set of different spatial weighting matrices, also in assessing the robustness of my results. One robustness check contrasts the core results with instrumental variable/ GMM estimations.
The remainder of the paper is structured as follows: The next section addresses theoretical considerations on fiscal interaction. The data is described in the third section. Section four specifies the empirical model, endogeneity issues, and the spatial weighting matrices. After that, the fifth section presents the results. The sixth section discusses subsequent robustness checks, and section seven concludes.
THEORETICAL CONSIDERATIONS ON FISCAL INTERACTION
Fiscal interactions occur due to public expenditure spillovers, fiscal competition, or yardstick competition (Revelli 2005; Št'astná 2009; Borck et al. 2015) . I begin with a brief description of these factors.
Public expenditure spillovers occur when one local government's activities have an effect on the welfare function of another jurisdiction (Gordon 1983) . In other words, the activity of a local government directly affects the preferences of another local government. Expenditure spillovers may be positive or negative, depending on whether the neighbors' expenditures are complements or substitutes. An example of expenditure spillovers would be the provision of a cultural good such as the construction of a theater, which due to higher welfare might lead to decreases in expenditure for cultural goods in the neighboring municipality. Free-riding by the neighboring government would be an optimal reaction.
The second possible explanation for fiscal interactions can be gleaned from the literature on fiscal competition (Zodrow and Mieszkowski 1986; Wilson 1999) . Assuming spatial mobility, residents and businesses will move to those jurisdictions that meet their demand for public goods at lower prices in terms of taxation. Jurisdictions may increase expenditures or lower taxes in order to attract residents and firms (Št'astná 2009 ) and thus indirectly affect each other's policies, resulting in competition among governments for residents and businesses (Wilson 1999) .
A third reason for fiscal interactions is yardstick competition, which is based on informational spillovers.
Residents take the policies of a neighboring jurisdiction as a yardstick and compare them to the policies of their own government. Residents thus have (imperfect and asymmetric) information on which to evaluate the performance of their government. If the voters rate the achievements as poor, the politicians' chances of being re-elected decrease. Politicians have an incentive to mimic neighboring policies (Salmon 1987; Besley and Case 1995) to prevent this from happening.
The identification of the various driving forces behind fiscal interaction patterns is complex and difficult, not least because the spatial reaction functions are the same (Revelli 2005) . However, some studies analyzing the causes of horizontal interactions suggest that yardstick competition is in fact the main source (Allers and Elhorst 2005; Elhorst and Feret 2009; Wasserfallen 2014, etc.) . This verdict will also be tested in this paper. Nevertheless, I do not intend to play off one theory against another. For an example of how to distinguish between underlying strategic interactions, see Baicker (2005) . As Borck et al. (2007) have done, I intend to discuss spillovers and fiscal competition after testing for yardstick competition.
DATA

Descriptive statistics
I focus on the municipalities of NRW, the state with the highest population in Germany (about 22 % of cannot be used due to the change from cameralistic to double-entry bookkeeping. This conversion enables NRW to make all expenditure subcategories available to the public. Data on the structure of expenditures is provided with a delay of two years. I have normalized all monetary values using the consumer price index based on the year 2010. A detailed description of the expenditure subcategories thus defined can be found in the Appendix (see Table A1 ). Table A1 displays the average structure of the eight expenditure subcategories in the municipalities of NRW. The categories follow the classification found in the Genesis database of the Federal NRW Statistics Office. This classification indicates that administrative expenditure is by far the largest category, followed by social system expenditures and transport/ infrastructure/ construction (TIC). The reason why the administration category is so large is that it also includes expenditures on transfers such as trade tax allocation or levies to the state.
The descriptive statistics can be found in Table 1 , which gives an overview of the variables used in the empirical analysis. These were selected along the lines proposed by the tax and spending interaction literature, e.g. Case et al. (1993) , Borck et al. (2007) etc., and in terms of what the control variables were expected to capture (as described in the following paragraph). The dependent variable is the total expenditure per capita variable and different expenditure subcategories per capita for each municipality.
To determine spending interactions, I distinguish between interaction effects and regional economic impacts. First, it is important to control for the composition of the population in municipalities because expenditures vary with different age structures (spending may be higher or lower). Accordingly, the age structure in the municipalities of NRW is included. I collect the GDP at county level (in domestic prices) to control for economic performance with an impact on municipal expenditures. In addition, a change in the debt level of municipalities could also influence municipal mimicking behavior, so it is important to control for the gross debt level per capita, including debts of the fiscal core and municipal companies and institutes. As a more densely populated municipality may also provide higher levels of public goods, I also include population density as a factor to control for. Given that population and population density are highly correlated, I do not include the population variable in the estimations. To control for temporal economic shocks in community development, I include unemployment per capita as a variable.
1
Institutional setting
Germany has a federal system with different levels of government: the central government, the state governments, and local governments with counties, districts (which only exist in four German states), and municipalities. At the local level, counties (Landkreise) are the most significant entities, in charge of such things as public safety, and construction as well as the maintenance of county roads. The more than 11,000 municipalities (Gemeinden) function at a subordinate level, largely entitled to handle local matters as they see fit (Article 28 (2), Constitutional Law). They decide on the level of the tax multipliers that have a direct impact on their business-and property-tax revenues and are responsible for general administration, infrastructure, cultural institutions, and sewage, as well as waste disposal, etc., etc. In the estimations I include the subcategories that mainly consist of non-earmarked expenditures.
Municipalities are partly committed to passing on funds from the upper levels or implementing laws connected to expenditures. Possible interdependencies in these subcategories may not stem from neighboring interaction effects. This statement applies to the social system subcategory, where municipalities have smaller scope for decision-making. Though even in this category municipalities do have a degree of discretionary latitude, I exclude it from the estimations. Other subcategories also partly including earmarked expenditures are TIC, culture/ sport, and health. As earmarked expenditures represent a smaller share of these subcategories, I include them in the main results table. In the robustness section, I also present an estimation omitting these subcategories. Apart from that, the robustness section refers to total expenditures only, as is the case with Costa et al. (2015) and others.
Furthermore, cities with county status (kreisfreie Städte) combine county and municipal functions. I do not exclude them from the core estimations because this study focuses mainly on the investigation of interaction effects and the impact of agglomeration on spending, both of which also affect cities with county status. In this I follow the strategy of Borck et al. (2015) and others. However, in the section on robustness, I return to this point and present an estimation excluding cities with county status.
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EMPIRICAL STRATEGY
Model specification
One main aim of this paper is to estimate spatial interdependencies between the municipalities of NRW. 
(1) with index i referring to the municipality and index t referring to the year. yit indicates per-capita municipal expenditure. ∑ wijyjt denotes the term that describes the impact on municipalities by their neighbors. W is a non-negative N x N weighting matrix, where wij is the i,jth element. ρ is the parameter that measures the response to neighboring municipalities. Xit is a 1 x K vector of other control variables in municipality i at time t that are important determinants of expenditure, and β is the K x 1 vector of the 2 Another possible concern that I take up in the section on robustness are municipalities subject to consolidation assistance. In 2011, the NRW state government initiated a program supporting indebted municipalities with extra consolidation assistance. Municipalities receiving such support may be forced to spend less and thus distort the core estimations. 3 Following Leprince et al. (2005) and Fréret and Maguain (2017) , vertical effects (where the spending of a local government depends on expenditure at other levels) are not found to be relevant and are therefore not considered. estimated parameter. ∑ wijXjt represents the characteristics of the neighboring municipalities, while θ is the corresponding K x 1 vector of the parameters estimated. μi and δt represent municipal and time-fixed effects. The fixed effects are space-specific, time-invariant variables that are difficult to measure but most likely have an impact on the dependent variable, such as location or attitudes. Excluding them would incur the risk of inconsistent results. εit is a normally, identically, and independently distributed error term. 4 Robust inferences are provided through the clustering of standard errors. I apply a doubleclustering strategy that takes the Jacobian matrix of all first-order partial derivatives of the log-likelihood function into account because the model specification does not control for spatial autocorrelation in the errors (Cameron et al. 2011; Atella et al. 2014 ).
As Elhorst (2011) Ratio (LR) tests are asymptotically near-equivalent and basically come to the same conclusion.
As can be seen from Table A2 in the Appendix, both Wald-tests and LR tests favor the SDM. The information criteria also point to an SDM rather than an SAC model. In addition, the Hausman test indicates that it is better to use a fixed-effects model than a random-effects model.
To obtain consistent results for equation (1), a bias correction procedure in accordance with Lee and Yu (2010) is also applied.
5
Endogeneity
Two further issues need to be addressed. The first is the endogeneity of ∑ wijyjt, which denotes the term describing the impact on municipalities by their neighbors. Endogeneity in this context stems from the fact that the expenditures (y) appear on the left-and on the right-hand side of equation (1), so that own spending and neighbor spending are determined simultaneously. This violates the assumption of standard regression models that E[∑ wijyjt, єit]=0, i.e. is uncorrelated. Ordinary least squares would therefore be inconsistent. The second issue is the spatial dependence between observations, which could also have an impact on the fixed effects (Elhorst 2010b ).
Both issues are accounted for in the fixed-effects Spatial Durbin Model using a (Quasi) Maximum Likelihood (QML) estimator. 6 The QML estimator accounts for spatial endogeneity via the Jacobian term of the transformation from ε to y (Anselin 1988) . 7 As pointed out by Fréret and Maguain (2017) , only QML estimations, as employed in this paper, are efficient in dealing internally with spatial endogeneity.
Another possible approach that I apply in the robustness checks is the use of IV/ GMM, as suggested by Prucha (1998, 1999) and Arraiz et al. (2010) . I instrument for Wy using the exogenous x variables and their spatially lagged counterparts. Both approaches yield consistent estimates and causal interpretations, but only the QML estimation is efficient when the model is correctly specified. This means that we require the exogeneity of the spatial weighting matrix. Compared to the IV estimator, the efficiency of ML is weakly dominant and in terms of unbiasedness its overall performance is good (Franzese and Hays 2007) . Criticisms of ML estimations center around the fact that the Jacobian term becomes unstable if the number of spatial units is greater than 1000 (Anselin 2005) . As I am dealing with 396 municipalities, this potential drawback is irrelevant in this case.
Spatial weighting matrices
To determine the correct weights matrix W, I consider various weighting matrices estimating the baseline SDM in equation (1). The literature proposes standard matrices based on exogenous geographical proximity (LeSage 2014). In line with this, I consider binary contiguity matrices, where
Wij is dichotomous, being one if i shares a border with j and zero otherwise. I also consider rownormalized matrices with municipalities assigned as neighbors within a certain radius around the center (15km, 20km, 25km and 30km). As a third type of weighting matrix I look at inverse distance matrices under different cut-off radii with the three normalization techniques row, spectral, and minmax -here W is a continuous function. In addition, I construct a weighting matrix based on district governments (Regierungsbezirke), which exist only in NRW and three other German federal states, i.e. all municipalities belonging to the same governmental district are assigned as neighbors.
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To choose the weighting matrix that suits the data best, I compare the log-likelihood values of the models as suggested by Elhorst (2010a) . The model with the highest value is the model of choice. Table A3 in the Appendix presents the spatial weighting matrices and their log-likelihood values. The row-normalized, inverse-distance matrix with a cut-off radius at 25 km performs best. The relative distance to other neighbors is crucial, and the closer the neighbors are, the higher they are weighted. In my main specifications I therefore employ this matrix as a standard matrix. In addition, the estimated total expenditure interaction coefficient is presented for all weighting matrices tested.
Non-standard matrices
Non-standard weighting matrices account for the special spatial characteristics of the municipal institutional setting and enable municipalities to weight the decisions of similar municipalities higher.
Generally, the spatial weights matrices are assumed to be exogenous. With weights matrices based on socioeconomic distances, the assumption of exogeneity may be invalid. Weights based on variables such as population density or unemployment are endogenous because the dependent expenditure variable has an impact on them (Anselin and Bera 1998). As a consequence, I do not consider those non-standard weights matrices in selecting the standard matrix for my main specification but rather regard them as a confirmation and as a test for the robustness of the main results.
First, I construct a weighting matrix based on socio-economic variables (Št'astná 2009) . It is based on geographical neighborhood or, more precisely, on the selected standard matrix as set out above but with different weightings due to mean municipal characteristics V, such as population, population density, population aged 65 plus, and unemployment per capita.
9
Other non-standard spatial weights matrices that I construct are based on the paper of Janeba and
Osterloh (2013) and were also applied by Borck et al. (2015) . Core centers are assumed to mainly compete with other core centers and direct neighboring municipalities. By contrast, the periphery, and especially small municipalities, compete with municipalities at short distances only. To take such weighting matrices into account, I allocate those municipalities as neighbors that both have a mean population (period 2009-2015) above a defined ceiling and are located within the 25-km radius. The remaining municipalities consider the municipalities within a 25-km radius as their neighbors.
9 The x k variables are normalized from 0 to 1. The weight is then given by
A general note of caution is in order here. To identify causal effects, a number of restrictions need to be made to the weighting matrices. Some of the literature contends that for IV estimations the spatial lags of x are neighbor averages that are often mutually correlated and therefore cannot be suitable instruments. Hence the exogeneity assumption is most likely violated when IV/ GMM methods are applied. I follow Feret (2009), Borck et al. (2015) , Fréret and Maguain (2017) , etc. by rejecting IV/ GMM as my preferred estimation method. Instead, I adhere to the QML method, where the Jacobian term purges the endogeneity problem of the interaction effect, given that the weights matrix W is known and depicts real-world linkages. The latter aspect is an object of criticism, too, because it is a strong assumption that is very difficult to bear out (Gibbons and Overman 2012) . I construct more than twenty different weighting matrices W to address these concerns. In addition, I include spatial as well as time-fixed effects and add independent control variables. The interaction coefficient is significant in all of the estimations, which is an initial proof of the validity of the results (see Table A3 ).
When I apply inverse distance matrices under different cut-off radii with the three normalization techniques row, spectral, and minmax, the fiscal interaction coefficient increases with the number of municipalities included (as distance increases). This is plausible because the definition of neighborhood then becomes less restrictive (Costa et al. 2015; Borck et al. 2015) .
MAIN RESULTS
Key estimates
In this section I present the main results for fiscal expenditure interactions in total expenditures and in the expenditure subcategories. Later in the section I also present empirical findings on the impact of agglomeration economies on expenditure interactions. I apply the SDM from equation (1) and use a QML estimator.
The main results are presented in Table 2 . The evidence indicates that expenditure interactions do exist.
I find significant fiscal expenditure interactions (ρ) between the municipalities of NRW in total expenditures p.c. (column 1) and in four expenditure subcategories. For the total expenditures p.c., the estimated spatial effect is positive and significant at the 1 % level, i.e. spatial effects play a role in explaining neighboring government expenditures, which suggests that an OLS model would be biased and inconsistent. The coefficient of 0.124 means that a 1-euro increase in expenditures by the neighboring municipalities will increase the municipality's own spending by 12.4 eurocents. This confirms the complementary characteristics of total municipal spending levels. The comparison of this coefficient across models applying different definitions of contiguity (Table A3) indicates that the coefficient has a similar size and is both positive and significant in all specifications.
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Among the expenditure subcategories, the fiscal interaction coefficient is insignificant for the administration category as well as for public facility and education. Administration mainly comprises expenditures on regulatory affairs, general transfers, and levies. These expenditures are to some extent fixed and thus do not strongly depend on neighbor spending, which may explain the insignificant coefficient. The same goes for the education subcategory, which consists of material and general expenditures that display only minor deviations. Effectively, construction expenses in the education subcategory are subject to a superordinate strategy determined by the state. By contrast, public facility has both expenditures that are fixed (like spending on emergency services) and those that vary (like spending on environmental measures). It appears, however, that municipalities do not to interact with their neighbors with regard to these expenditures.
I find a positive and significant spatial effect for business development, which partly confirms the empirical investigations on expenditure interaction undertaken by Borck et al. (2007) at the German county level. Although the coefficient on business development in the present paper is smaller, it still indicates fiscal competition between municipalities. In order to stay competitive, municipalities increase their expenditures on business development to attract companies or boost economic activity. On the other hand, I find negative but significant coefficients in the subcategories TIC, Culture/ Sport, and Health. They range between 8 and 11 eurocents. If the neighboring municipalities increase their 10 I also test whether the SDM eliminates spatial autocorrelation of the residuals. To this end, I construct the Moran's I statistic of the residuals of the total expenditures. This can only be done for each cross-section in the seven years. The Moran's I shows that the autocorrelation is close to zero in all seven cross-section estimates and significantly different from zero in only two of them, which indicates that the SDM almost completely eliminates spatial autocorrelation of the residuals. The result is confirmed in the other expenditure subcategories.
expenditures by 1 euro, the municipality will decrease spending in these subcategories. As discussed similarly by Borck et al. (2007) , this decline can be explained by public expenditure spillovers. It is associated with free-riding behavior on the part of municipalities. Municipalities take advantage of the spill-in and reduce expenditure e.g. for passenger transport (TIC), sport/ culture funding (Culture/ Sport) or health care (Health). The residents of the given municipality benefit from amenities provided by neighboring municipalities. The expenditures in these subcategories are strategic substitutes. Note: ρ denotes the spatial interaction effect. All models are estimated using the bias correction procedure proposed by Lee and Yu (2010) with maximum likelihood. Robust standard errors are in parentheses: * p<0.1, ** p<0.05, *** p<0.01.
Comprehensive interpretation of the estimates also requires the consideration of direct, indirect, and total effects (marginal effects) (LeSage and Pace 2009). I concentrate on the total expenditure category because it is the sum of all expenses per capita in a municipality. The interpretation of all marginal effects is not a major focus in this paper.
The change in an explanatory variable in municipality i has not only a direct effect on that municipality but also an indirect effect on all other municipalities. Thus the direct effect describes how the variable of interest in municipality i changes in the case of a change in the k th regressor in that municipality. The indirect effect describes how a change in the independent variable in municipality i changes the dependent variable in municipality j. Every diagonal element in the NxN matrix of total effects represents the direct effects and every off-diagonal element represents the indirect effects (Elhorst 2010a) . The sum of the direct and the indirect effects is the total effect.
The direct, indirect, and total effects from the total main specification of Table 2 , are shown in Table 3 .
Demand-side variables seem to be more important for direct effects. In particular, the higher the population density and the share of people aged 65 plus, the lower are the expenditures per capita.
Economic factors are not significant at conventional levels. Expenditures mainly depend on population structure and its concentration in space and not on the economic development of that municipality. For the indirect effects, on the other hand, it suffices that the level of debt p.c. be positive and significant, i.e. an increase in debt levels of nearby municipalities increases the expenditures in the municipality of interest by way of a feedback process. As for the total effects, Table 3 shows that the variables unemployed p.c. and share of people aged 65 plus are significant. This means that a typical region will react with an increase in expenditures when unemployment p.c. increases in all other municipalities. On the other hand, this typical region would decrease its expenditures if the share of people aged 65 plus increased everywhere else. Delgado et al. (2014) and others in their analyses of tax rates. If yardstick competition is the driving force behind mimicking behavior, the interaction effect should be smaller and significantly different in municipalities governed by a large majority than in those governed by a small majority or by a party with no absolute majority. If the electoral margin is high, the majority party's reelection will be relatively certain. I envisage interaction between neighboring expenditures and a dummy variable that equals one if majorities in the councils are larger 55 %, 60 %, 65 % or 70 % for the governing coalition and zero otherwise.
As Allers and Elhorst (2005) Another issue I explore is whether the spending behavior of municipalities controlled by an absolute majority of right-wing parties differs from those with other majority structures (left-wing majorities or no absolute majorities). 11 I introduce a dummy that is one if the local government has a right-wing majority and zero otherwise. This produces interesting results for spending behavior in several subcategories. Right-wing parties may tend to be more rigorous about saving than left-wing parties.
The results are presented in Table A5 in the Appendix. The coefficient for total expenditure is about 72 and significant. In contradiction to the theory discussed above, this means that in total municipalities with a right-wing majority spend about 72 euros more per capita than municipalities with left-wing or no majorities. Accordingly, there is no confirmation for their reputation for being more rigorous savers.
Most of the sum (approx. 52 euros) is spent on the administration subcategory. This can partly be explained by higher spending on administration management and service as well as on regulatory matters. Right-wing majorities spend about 6 euros per capita more on the public facility subcategory, most of it on fire protection, emergency services, and disaster control.
Agglomeration effects
This section assesses the role agglomerations play in fiscal expenditure interactions. The agglomeration measure applied is average population density. 12 I test whether expenditure interactions are stronger or weaker in more agglomerated municipalities, i.e., whether neighbor spending plays a larger or a smaller role in more densely populated municipalities.
Following Charlot and Paty (2010) and Fréret and Maguain (2017) on the subject of taxes, -I interact neighbor expenditures with an agglomeration index based on population density. I define two agglomeration regimes (strong and weak agglomeration) with two interaction coefficients and once again concentrate on total expenditures.
where Aggloi is the agglomeration measure, a binary variable equal to one if municipality i is characterized by high agglomeration and zero otherwise. Five alternative definitions of agglomeration 12 In the literature, different agglomeration indices are applied. I follow Ciccone and Hall (1996) , Charlot and Paty (2010) , Briant et al. (2010) , etc. and use population density to determine the size of urbanization economies. Localization economies on the other hand measure externalities that indicate attributes of industry (Combes and Gobillon 2015) . Other agglomeration indices capturing local urbanization economies include the total sum of salaried jobs in municipality i divided by the area of that municipality (Fréret and Maguain 2017) . Applying the latter agglomeration indicator to our model does not significantly change our findings. The results can be obtained from the author upon request. are used, with high agglomeration being defined as whether population density is above the 50 %, the 60%, the 70 %, the 80 % or the 90 % quantile. ρu measures the additional effect on fiscal interactions if the agglomeration level is high.
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If agglomeration economies have an effect on fiscal expenditure interactions, then there should be a significant coefficient for ρu whatever the sign is. As in equation (1), Xit is a 1 x K vector of control variables in municipality i at time t that are important expenditure determinants, and β is the vector of the estimated parameter. μi and δt again represent municipal and time-fixed effects. I apply the same row-normalized, inverse-distance weights matrix with a cut-off radius at 25 km as in the main results. Note: The dependent variable is the total expenditure per capita, ρ denotes the spatial interaction effect. All models are estimated using the bias correction procedure proposed by Lee and Yu (2010) with maximum likelihood. Robust standard errors are in parentheses: * p<0.1, ** p<0.05, *** p<0.01. 13 The model has been calculated using the SPM command written by Atella et al. (2014) in Stata and applying a two-way clustered variance-covariance matrix. 14 The way I introduce the two-regime matrix has many parallels in the literature, e.g. in the studies by Allers and Elhorst (2005) , Fréret (2009), Charlot and Paty (2010) , Fréret and Maguain (2017) , etc. LeSage and Pace (2011), however, criticize this way of extending spatial regression models although they focus on an SARtype model. One of their remarks is that the specification relies on the assumption that parts of the combination of different weight matrices vanish, which is only possible if W is zero. They also note that the model acts in a way that contradicts the hypothesis it sets out because it does not take into account the feedback effects of all interacting regions. A possible solution that has been advanced in the recent literature but has not yet been completely implemented involves the calculation of a QML model with heterogeneous coefficients (Aquaro et al. 2015) . Nevertheless, in awareness of these distortions and fully cognizant of the fact that comprehensive solutions are not available, the specifications applied provide an indication of the magnitude of interactions under agglomeration regimes of the kind referred to in the studies quoted.
As from Table 4 shows, the coefficient of the interaction between neighboring expenditures and population density is significant in all columns. Fiscal expenditure interactions (ρ) below the respective quantile are significant in all columns and range from 31 to 36 eurocents for every 1-euro increase in neighboring municipal spending. By contrast, the coefficient of municipalities with high agglomeration is significantly smaller, ranging between -9.7 and +13.9 eurocents. Especially interesting is the interaction coefficient for municipalities above the 90 % quantile with the negative sign (-9.7). It indicates that those municipalities (10 % most agglomerated) lower total expenditures in response to an increase by their neighbors. The results show that in more agglomerated municipalities expenditure interactions are weaker and may even be negative. 15 The results confirm the findings by Fréret and Maguain (2017) proving that neighbors' taxes play less of a role in highly agglomerated regions. It seems fair to assume that agglomeration provides advantages for capital and thus reduces incentives to leave.
ROBUSTNESS CHECKS
In this section I perform a number of robustness checks, assessing other specifications to establish whether the main results are stable and the main SDM estimation results can be confirmed. To save space, the checks will be applied to total expenditure p.c. only because it covers all expenditure subcategories.
Including, excluding, and lagging other potential control variables
I begin by including three variables that may influence per capita expenditures -and vice versa. These are total transfers (1), earmarked transfers plus total revenues p.c. (2), and property and business tax rates (3). I use lags of these variables to reduce endogeneity issues. As can be seen from the relevant rows in Table 5 , the point estimates of the interaction effect are still significant and positive. The coefficient in row (1) changes slightly compared to the main results. In row (2) the coefficient is larger but the point estimates are not significantly different. The same applies to the coefficient in row (3), where I include both the property and the business tax rate. In row (4) I exclude the gross debt level p.c.
from the estimation because it is largely determined simultaneously with total expenditures and could thus be endogenous. Here again, the point estimates are significant, positive, and very similar to the main results (not significantly different). This can be considered a substantial confirmation of robustness in the main results. From the first four rows I conclude that the estimates for ρ are robust to the inclusion or exclusion of additional control variables. In row (5) of Table 5 , I apply lagged independent variables because it is possible that their impact on expenditures may be deferred. This estimation shows no significant difference in the point estimate for the spatial interaction effect either.
Changes in model features and estimation period
In row (6) I exclude both municipal and year-fixed effects. The unobserved effects that I control for by the inclusion of fixed effects are probably correlated with the dependent and independent variables, so not controlling for them produces biased estimates. The point estimate of spatial interaction increases significantly. Hence, an upward bias is apparent. Furthermore, in row (7), I estimate equation (1) without Lee and Yu's bias correction (2010) . In row (8), I employ the difference in per capita expenditures as the dependent variable. As can be seen in both rows, the point estimates are larger but still not significantly different from the main result. In row (9), I add a linear trend instead of year-fixed effects.
The estimate is 0.072 points larger but still not significantly different from the interaction effect in the main results.
Varying the sample
Shortening the estimation period (data before 2009 is not applicable due to the change from cameralistic to double-entry bookkeeping) does not change the interaction effect significantly (row 10). Although mean expenditures are higher per capita in cities with county status, I still include those municipalities in my main results. I now return to this issue and in row (11) present the interaction effect of a sample that excludes cities with county status. Another concern that I take up is the question of municipalities subject to the 2011 consolidation assistance. Municipalities receiving such assistance may be forced to spend less and thus distort my main estimations. The interaction effect of a sample without municipalities receiving consolidation assistance is shown in row (12). In row (13) I subtract all partly earmarked subcategories, i.e. social system, TIC, culture/ sport, and health. In all three rows, the interaction coefficient is positive and significantly different from zero.
Additionally, I perform an estimation with a placebo weighting matrix. Following Borck et al. (2015) , I
apply a weighting matrix that determines random neighbors. As shown in row (14), the interaction coefficient becomes insignificant and negative, thus no longer displaying mimicking behavior.
The robustness checks of Table 5 largely confirm the interaction effect in the main results: it is positive, significant, and not substantially different. Note: The dependent variable is the total expenditure per capita, ρ denotes the spatial interaction effect. All models are estimated using the bias correction procedure proposed by Lee and Yu (2010) with maximum likelihood. Independent variables in the specifications are: population-density, gross domestic product on county levels, share of people aged 65+, unemployed per capita and the gross debt level p.c. The averaged neighboring equivalents are included as well as independent variables. Municipal and year fixed effects are included. Robust standard errors are in parentheses: * p<0.1, ** p<0.05, *** p<0.01.
Alternative spatial regression model specifications
In this section I shift my attention away from the sole application of the Spatial Durbin Model and home in on other spatial regression models. Although the SDM nests the SEM and SAR models and the SDM is model of choice, I use columns (1 and 2) of Table A6 to present the results of the two models most commonly applied in the literature. The point estimates are somewhat higher, but not significantly different.
Another potential approach I draw upon here focuses on instrumental variables/ GMM. It has been
shown by Prucha (1998, 1999) . Drukker et al. (2013) show that IV/ GMM estimators can be very useful when one or more endogenous explanatory variables are instrumented. Consequently, I
instrument for Wy by applying x and Wx, the independent and the spatially lagged independent variables that are natural instruments in this context and include the spatially auto-correlated error term (Elhorst 2010a ). This also takes account of the spatial dependence in the error terms.
Column (3) of Table A6 in the Appendix depicts a positive and significant fiscal expenditure interaction point estimate that is very similar in range to QML estimations. Again, the robustness of the main findings is confirmed. For the total expenditures I find a positive and significant spatial interaction effect of about 12 eurocents when neighbors increase their expenditures by 1 euro. This is confirmed by the robustness checks.
CONCLUSION
Reaction functions also vary for different expenditure subcategories. For reasons discussed above, the fiscal interaction coefficient in those subcategories is insignificant for administration, public facility, and education. I also find a positive and significant spatial effect for business development, which
indicates that fiscal competition is present and confirms the empirical investigations by Borck et al. (2007) on expenditure interaction at German county level. On the other hand, I find negative and significant coefficients in the subcategories TIC, Culture/ Sport, and Health, which can be explained as In addition, I analyze the effects of agglomeration on the intensity of public expenditure interactions using a two-regime matrix in an SDM model. A major finding of the paper is the evidence suggesting that expenditure interaction is fiercer if a municipality is less agglomerated. Urbanized and populous municipalities benefit from agglomeration economies, a circumstance that enables them to spend less than their neighbors.
The identification of the expenditure mimicking phenomenon is valuable in designing fine-tuned public policies for local municipalities and ensuring efficient expenditure planning. Spending and investment decisions in the subcategories business development, TIC, culture and sport, and health are affected strongly by spatial interactions. The fiscal interaction changes detected in more agglomerated municipalities prove that theoretical considerations on agglomeration rents also apply to expenditure interactions. More highly agglomerated municipalities are indeed less dependent on their neighbors, which is another useful indication for the design of local governmental policies, for instance in allocating financial benefits such as transfers that mostly depend on population size. As agglomeration rents exist urban regions in particular have a higher chance to attract residents and firms. This issue should not be overlooked even in considerations of the national budget. Notes: The dependent variable is the total expenditure per capita, ρ denotes the spatial interaction effect. All models are estimated using the bias correction procedure proposed by Lee and Yu (2010) with maximum likelihood. Independent variables in the specifications are: population-density, gross domestic product on county levels, share of people aged 65+, unemployed per capita and the gross debt level p.c. The averaged neighboring equivalents are included as well as independent variables. According to Drukker et al. (2013) : Row standardized matrices -Each element in row i is divided by the sum of row i's element. Spectral normalized matrix -each element is divided by the modulus of the largest eigenvalue of the matrix. Minmax normalized matrix -each element is divided by the minimum of the largest row sum and column sum of the matrix. Standard errors in parentheses: * p < 0.10, ** p < 0.05, *** p < 0.01. Source: own calculations. Note: The dependent variable is the total expenditure per capita, ρ denotes the spatial interaction effect. All models are estimated using the bias correction procedure proposed by Lee and Yu (2010) with maximum likelihood. Independent variables in the specifications are: population-density, gross domestic product on county levels, share of people aged 65+, unemployed per capita and the gross debt level p.c. The averaged neighboring equivalents are included as well as independent variables. Robust standard errors are in parentheses: * p<0.1, ** p<0.05, *** p<0.01. Note: The dependent variable is the total expenditure per capita, ρ denotes the spatial interaction effect. All models are estimated using the bias correction procedure proposed by Lee and Yu (2010) with maximum likelihood. Independent variables in the specifications are: population-density, gross domestic product on county levels, share of people aged 65+, unemployed per capita and the gross debt level p.c. The averaged neighboring equivalents are included as well as independent variables. Robust standard errors are in parentheses: * p<0.1, ** p<0.05, *** p<0.01. Note: The dependent variable is the total expenditure per capita, ρ denotes the spatial interaction effect. Spatial lags of the independent variables are Instruments in the IV/ GMM estimations: population-density, gross domestic product on county levels, share of people aged 65+, unemployed per capita and the gross debt level p.c. The averaged neighboring equivalents are included as well as independent variables. Robust standard errors are in parentheses: * p<0.1, ** p<0.05, *** p<0.01.
